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Reply to Comment on "Universal Decoherence 
in Solids" 

The Comment of Openov on my Physical Review 
Letter Q does not affect the universality of the decoher- 
ence mechanism described in the Letter 2j. The Let- 
ter addressed the question of decoherence of quantum 
oscillations of a two-state system in a solid when the 
oscillation frequency, loq, is below the Debye frequency, 
ujjj ~ 10^'^ s~^. I have shown that conservation laws (that 
is, symmetry) mandate parameter-free interaction of the 
tunneling variable with the phonon displacement field u. 
For, e.g., a particle of mass m, oscillating between de- 
generate minima, R = ±Ro, of a potential J7(R), con- 
servation of the total linear momentum (particle -I- solid) 
results in a decohering interaction 

mR-ii. (1) 

In quantum theory 

R^^[n,R], (2) 

where Ti. is the Hamiltonian of the system, while 

-7-^i:/W(-*'-«Le-)e,, P) 

where 11 is the momentum density of phonons, canoni- 
cally conjugate to u. Here V and p are the volume and 
the mass density of the system, a^^- and a^i are operators 
of creation and annihilation of phonons, o^ki is the fre- 
quency of the phonon of wave vector k and polarization 
i, and e.; are unit vectors of polarization of the phonons. 

For an orbital moment or a spin, I, oscillating, e.g., 
between ±1 projections onto a quantization axis, con- 
servation of the total angular momentum (I + angular 


momentum of a solid) results in a decohering interaction 


-I.(Vxu), (4) 

with u given by Eq. ||3J). 

Equations ^ and were used in my Letter to 
obtain universal lower bound on the decoherence of 
solid-state qubits. Parameter-free decoherence rates 
were computed within perturbation theory, making use 
of the Fermi golden rule. It gives accurate results for, 
e.g., tunneling of electron or tunneling of a spin, and 
applies to all solid-state systems that fit definition of a 
qubit. At low temperature, fc^T ^ ^^^o, the decoherence 
occurs due to spontaneous resonant emission of a phonon 
of frequency (jJq. Openov observed Q that for a heavy 
particle oscillating at a high frequency, the decoherence 
due to Eq. may become so strong that standard 
perturbation theory and the Fermi golden rule may no 
longer apply. I would like to stress that this observation 
in no way affects the universality of the mechanism of 
decoherence pointed out in my Letter. Parameter- free 
equations and describe unavoidable decohering 
effect of the elastic environment, which is mandated 
by the conservation laws regardless of the strength of 
decoherence. They apply to all problems of quantum 
tunneling of a particle in a solid 0], to transitions 
between quantum states of a spin in a crystal field 
Q, H 1^ , and to tunneling between macroscopic quantum 
states of a superconducting current |^. 
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